INTRODUCTION
Recent studies show that following chronic constriction injury (CCI) of the sciatic nerve in rats, a time-dependent thermal and mechanical hyperesthesia develops [1, 2] . Even if the CCI is unilateral, the hyperesthesia appears bilaterally, and intrathecal administration of an antagonist to CGRP (CGRP ) attenuates the bilateral decrease in hindpaw withdrawal latencies to heat and mechanical stimulation [3] . Hao and colleagues also reported bilateral effects to heat stimulation following intrathecal administration of nociceptin/orphanin in rats with unilateral nerve injury [4] . Support for bilateral changes following unilateral CCI is demonstrated in the study by Sotgiu and collaborators, who reported a bilateral increase in the wide dynamic range (WDR) neuron activity in the spinal cord [5] . Noxious stimulation of an area innervated by the contralateral sciatic nerve reduced the WDR activity to nociceptive input on the injured neuropathic side, suggesting that the nociceptive input from the injured side is also dependent on the contralateral nerve activity [5] .
We recently demonstrated that contralateral treatment with local anaesthetics reduced the edema formation and nociceptive behaviour in carrageenan-induced in¯amma-tion in a dose-related fashion [6, 7] . The aim of the present study was to establish whether contralateral treatment with local anaesthetics affects nociceptive behaviour in rats following CCI.
MATERIALS AND METHODS
Experimental procedure: Experiments were performed on freely moving male albino Sprague±Dawley rats (B & K Universal Lab, Sollentuna, Sweden) weighing 200±250 g and were approved by the Karolinska Institutet local ethical committee. All rats were accustomed to testing conditions by measuring hindpaw withdrawal latencies 6 times daily for 3 days before the operation. On the day of operation, the basal values for each rat were obtained. Mononeuropathy on the right side was induced according to Bennett and Xie [2] . After operation rats were allowed 3 days for recovery and training started twice daily every day before treatment. On the treatment day, the rat was placed in a specially designed cage for injection of either xylocaine or saline into the hindpaw using a 27-gauge needle. Experiments were performed in a blind and randomized order.
In the ®rst set of experiments the effects of 100 ìl xylocaine (20 mg/ml), administered into the contralateral hindpaw, were compared to those animals of saline. Shamoperated rats, injected with the same dose/volume of either xylocaine or saline contralaterally, served as controls.
Rats were treated twice, on days 6 and 11 following surgery. To investigate the ef®cacy of contralateral vs ipsilateral treatment, a second set of experiments was performed with 100 ìl xylocaine (20 mg/ml) being injected into either hindpaw on day 11 and the results were compared.
Measurements of nociceptive behaviour: Measurements were started with hot-plate followed by a Randall Selitto test in half the rats, and vice versa in the rest. The right hindpaw was measured ®rst and then the left, and for the second measurement the order was reversed. The interval between the ®rst and second measurements for the same test and also between tests was $5±7 min. Two measurements obtained during each test were used to calculate the average value.
Hindpaw withdrawal latency (HWL) to thermal and mechanical stimulation was measured at 2, 5 and 8 h (day 1), at 24, 29 and 32 h (day 2), at 48, 53 and 56 h (day 3), and at 72 (day 4) and 96 h (day 5) after injection. The time schedule allowed measurement of response at the same time of the day for the ®rst 3 days (except for the ®rst measurement after injection). HWL were measured before the second injection, making an additional time point of 120 h following the initial injection.
The withdrawal response to noxious heat was determined using the hot-plate test. The entire ventral surface of the rat's hindpaw was placed on a hot-plate maintained at a temperature of 508C (49.7±50.58C). The time to hindpaw withdrawal was measured in seconds and subsequently referred to as the HWL to thermal stimulation. The cut-off time was 20 s. The Randall Selitto test (Ugo Basile, Type 7200, Italy) was used to assess withdrawal thresholds to mechanical stimulation. A wedge-shaped pusher with a loading rate of 48 g/s was applied to the dorsal surface of the manually handled hindpaw and the pressure required to initiate the struggle response was assessed and measured in seconds. This is known as the HWL to mechanical stimulation. The cut-off time was 15 s.
In the ®rst set of experiments the basal values of HWL to thermal stimulation for the right were 5.5 AE 0.8 s and 6.0 AE 0.8 s and for the left 6.0 AE 0.8 s and 7.1 AE 1.0 s (shamoperated n 24, mononeuropathic rats n 23, respectively). Right HWL to mechanical stimulation was 4.4 AE 0.2 s and 4.8 AE 0.2 s and left HWL was 4.3 AE 0.2 s and 4.7 AE 0.2 s (sham-operated and mononeuropathic rats, respectively). In the second set of experiments the basal values of HWL to thermal stimulation for the right were 6.1 AE 1.0 s and 5.3 AE 0.6 s and for the left 5.9 AE 1.1 s and 6.6 AE 0.8 s (contralaterally injected rats n 16, ipsilaterally injected rats n 16, respectively). Right HWL to mechanical stimulation was 5.1 AE 0.2 s and 5.3 AE 0.3 s and left HWL was 5.0 AE 0.3 s and 5.7 AE 0.4 s (contralaterally and ipsilaterally injected rats, respectively). The changes in hindpaw withdrawal responses are presented as the percentage change from the ®rst pre-injection value (obtained either on day 6 or 11).
Signs of autotomy behaviour, i.e. self mutilation, were recorded for every digit using the following scale: 0, no signs of self mutilation; 1, a tip of the nail removed with signs of old or fresh blood on or under the nail; 2, a nail totally removed and damage to the distal portion of the digit; 3, damage to the whole digit or the footpad. The graded scale used was similar to one used by Wiesenfeld and Hallin [8] . In our study each digit was multiplied by the scale number and a total score value for each rat was obtained. Autotomy was measured before the ®rst treatment (basal score value) and at 3, 4, 5 and 6 weeks following ligation.
Statistical analysis: Statistical analysis was carried out using the SPSS software (release 8). Absolute values (seconds) were used to compared the basal and postoperative changes in HWL to thermal and mechanical stimulation. The Friedman test was applied to determine changes in postoperational latency responses in mononeuropathic and sham-operated rats. A t-test for independent samples was used to identify differences in HWL between the mononeuropathic and sham-operated rats (basal values) and to compare differences between the ipsilaterally or contralaterally treated mononeuropathic rats. Following injection, HWLs are expressed in percentages of the pre-injection value. The ANOVA test was used with Dunnett's test for signi®cance to determine differences in HWL between xylocaine and saline treated mononeuropathic and sham-operated rats. Wilcoxon pairs rank test was used to compare differences between the right and the left sides in mononeuropathic rats treated with xylocaine.
The autotomy score is presented as a total score value expressed in median with 95% con®dence limits at 3, 4, 5 and 6 weeks after operation. Mann-Whitney U or Wilcoxon W test was used to compare autotomy behaviour between the different treatments in mononeuropathic rats.
RESULTS

Effects of contralateral xylocaine administration on CCI:
Mononeuropathic and sham-operated rats developed a bilateral decrease in response to thermal stimulation 4±6 days following surgery ( p , 0.01) with no difference between the groups (results not shown).
Contralateral treatment with xylocaine on day 6 following surgery, induced an increase of the right HWL to thermal stimulation in the mononeuropathic rats. The effect was seen 8 h after treatment and lasted for 72 h when compared with saline-treated mononeuropathic rats (Fig.  1A) . The increase in HWL to thermal stimulation was also more pronounced at 8, 29, 32 and 48 h compared with xylocaine treated sham-operated rats (Fig. 1A) . The HWL to thermal stimulation also increased more on the right than on the left side in mononeuropathic rats at 29 and 56 h (Fig. 1A) .
The second contralateral treatment with xylocaine on day 11 (120 h after the ®rst injection) brought about an increase in the right HWL to thermal stimulation in mononeuropathic rats 2 h after injection which lasted for 96 h (Fig. 1B) . The increase in HWL to thermal stimulation was also pronounced during the ®rst 48 h and at 72 h when compared with xylocaine treated sham-operated rats (Fig.  1B) . HWL to thermal stimulation in mononeuropathic rats treated with xylocaine was increased on their right side compared with the left 5 and 29 h after injection (Fig. 1B) .
No changes in HWL to mechanical stimulation were found postoperatively in mononeuropathic or sham-oper-ated rats (results not shown). The ®rst contralateral administration of xylocaine did not affect the HWL to mechanical stimulation ( Fig. 2A ). An increase in HWL to mechanical stimulation on the right side was obtained after the second xylocaine injection in mononeuropathic rats at 2 and 29 h when compared with saline-injected mononeuropathic rats and xylocaine injected, sham-operated rats (Fig. 2B) .
Mononeuropathic rats given xylocaine twice contralaterally, and evaluated up to 6 post-operative weeks, had lower autotomy scores than those with saline treatment (Table 1) .
Effects of contralateral versus ipsilateral xylocaine administration on CCI: HWLs to thermal and mechanical stimulation, measured in mononeuropathic rats on days 4± 11 post-operation, showed a bilateral decrease in latencies ( p , 0.001; results not shown).
No differences in HWL to thermal stimulation were found between the groups treated either contralaterally or ipsilaterally at day 11 (Fig. 3A) . Ipsilateral treatment with xylocaine induced increased HWLs to mechanical stimulation on the right side at 8 h and decreased on the left side at 72 h compared with contralateral treatment (Fig. 3B) . Following contralateral treatment, HWL to mechanical stimulation was decreased on the right side compared to the left at 33 and 56 h (Fig. 3B) . Autotomy scores were lower at week 4 and 6 in rats given contralateral xylocaine than in those injected ipsilaterally (Table 1) . Contralateral but not ipsilateral treatment reduced autotomy scores in mononeuropathic rats evaluated up to 6 postoperative weeks compared with those treated with saline.
DISCUSSION
Contralateral treatment with xylocaine attenuated nociceptive behaviour by increasing HWL to heat stimulation for 3±4 consecutive days and decreasing the autotomy score for 6 weeks following ligation. Ipsilateral treatment with xylocaine also demonstrated anti-nociceptive effects as no differences were found between ipsi-and contralateral treatments in mononeuropathic rats. However, the autotomy score following contralateral treatment was lower than the ipsilateral, indicating that the former had a more pronounced effect.
It has been reported that in mononeuropathic rats treatment with local anaesthetics reduces spontaneous nerve activity in dorsal root [9] and spinal cord neurons [10±12] as well as in the peripheral nerve ®bres [13] . Devor and colleagues demonstrated that mononeuropathy in rats is followed by an accumulation of sodium channels at the site of injury and at afferent nerve endings [14, 15] . It has been suggested that the therapeutic effect of local anaesthetics on neuropathic pain is due to the blocking of sodium channels in the central and peripheral nervous systems [10, 16, 17] .
Recently, by studying nociceptive behaviour [3, 4] and recording WDR neuron activity at the spinal cord [5] , bilateral responses to mononeuropathy have been demonstrated. It might be suggested that following mononeuropathy nerve activity is changed bilaterally resulting in increased expression of sodium channels. Therefore, an injection of local anaesthetics contralaterally reduces nociception on the injured side. This indicates the possibility of a new crossed spinal re¯ex, involving nociceptive transmission across the spinal cord, supported by our present ®ndings showing that HWL latencies even increased on the mononeuropathic side compared with the contralateral side.
One of the present study's most interesting ®ndings is the long-lasting anti-nociceptive effect of contralateral xylocaine, which continued well after the expected duration of the pharmacological effect (3±4 h). Due to increased nerve activity during the nerve injury, pharmacological intervention leads to more intensive inhibitory mechanisms than those in intact nerve conditions/sham-operated rats. This indicates that a peripheral nerve conduction block is followed by other inhibitory mechanisms in the central nervous system resulting in long-lasting modulation of neuronal activity. Mao et al. obtained similar long-lasting results when NMDA antagonist was given intrathecally to mononeuropathic rats in order to reduce nociceptive beha- Table 1 . Autotomy behaviour at week 3, 4, 5 and 6 following operation in mononeuropathic rats. Data are presented as autotomy score and expressed in median with 95% con®dence limits in parentheses. viour [18] . We recently demonstrated that contralateral administration of 100 ìl of either xylocaine (5 or 20 mg/ml) or bupivacaine (1.25 or 5 mg/ml) reduced acute carrageenan-induced nociception for 24 h, both dose-dependently and according to the severity of in¯ammation [6, 7] . Intrathecal injection of saline or ligation of sciatic nerve on the contralateral side attenuated this response, demonstrating that neurogenic mechanisms are involved [6, 7] . We suggest that in the present study the anti-nociceptive effect of contralateral treatment with local anaesthetics is also mediated through neurogenic mechanisms. Our unpublished results indicate that contralateral but not systemic treatment with a local anaesthetic or k-opioid agonist exerts the anti-nociceptive effects on pain models in rats. Furthermore, systemic administration of local anaesthetics such as lidocaine and bupivacaine, in non-toxic doses, do not attenuate the nociceptive responses [19±21] . Altogether, the results of the present study demonstrate for the ®rst time that peripheral administration of local anaesthetics reduces nociceptive behaviour in the mononeuropathic pain model of a rat, CCI. Therefore, contralateral administration of local anaesthetics, suppressing the neuronal mechanisms following injury, may serve as a new or complementary treatment approach in mononeuropathic pain conditions.
CONCLUSION
The results of the present study in mononeuropathic rats show that injection of 100 ìl xylocaine (20 mg/ml) into the contralateral hindpaw on day 6 and 11 after nerve injury reversed the mononeuropathy-induced nociceptive behaviour for 3±4 days in measurements of hindpaw withdrawal latency to heat stimulation. Contralateral injection of xylocaine also reduced the autotomy score for 6 weeks after nerve injury. When comparing ipsilateral and contralateral injections of xylocaine, the latter reduced autotomy behaviour in mononeuropathic rats at weeks 4 and 6. The effects of contralateral treatment with xylocaine lasted much longer than pharmacologically expected, indicating the involvement of other inhibitory mechanisms, possibly, at the spinal and supraspinal nervous systems. Our results indicate that contralateral administration of local anaesthetics following nerve injury may serve as a new or complementary treatment approach in mononeuropathic pain conditions.
